In 2015-2016, research was carried out on a Haplic Luvisol (LV-ha) with predominant sandy loam and a pH KCl of 4.9-5.2 with a view to finding out how composts produced from sewage sludge, green waste and biogas production waste influenced potato tuber, spring oilseed rape seed and threshing residues yields as well as the concentrations of nitrogen (N), phosphorus (P), potassium (K) and heavy metals in tubers, seeds and threshing residues. An experiment was conducted in the fields of Elmininkai Experimental Station (Anykščiai distr., Eastern Lithuania) of the Lithuanian Research Centre for Agriculture and Forestry. The composts were incorporated into the soil twice, in September in 2012 and in October in 2014. The mineral fertilisers used were ammonium nitrate, granular superphosphate and potassium chloride. Mineral fertilisers were applied in spring prior to sowing. Potato tuber yield in the treatments without mineral fertilisation was significantly increased by all types of composts applied in the experiment: biogas production waste compost -by 48.0%, green waste -43.5%, cattle manure -33.9% and sewage sludge -27.5%. However, these composts did not increase spring oilseed rape seed and threshing residues yields. Mineral fertilisers had a greater impact on them -the achieved seed yield increase was 40.4% higher. Chemical composition analyses of potato tubers, spring oilseed rape seeds and threshing residues showed that biogas production waste compost increased N concentration. In potato tubers K concentration was increased by all investigated composts, but most of all -by that of manure. In rape seeds, K concentration was increased by biogas production waste, sewage sludge and manure composts. In the yields of the investigated plants P concentrations were not affected by any of the composts applied. Compost influence on the variations of individual heavy metal (Cu, Zn, Mn, Pb, Cd and Ni) concentrations in potato tubers, spring oilseed rape seeds and threshing residues was different.
Introduction
The farmyard manure which was usually used in agriculture in order to restore the soil organic matter becomes more and more rare and expensive. However, municipal solid waste compost presents an interesting alternative; indeed, it constitutes an important organic mass for the formation of steady humus and contributes to the improvement of the fertility of soils (Pigozzo et al., 2006; Perez et al., 2007) .
The accumulation of organic waste is thought to be reaching critical levels in almost all regions of the world (Troschinetz, Mihelcic, 2009) . Nowadays, the organic waste utilisation involves technologies such as composting or anaerobic digestion that result in the degradation and stabilisation of organic matter and mass and volume reduction (Basso et al., 2015) . However, composting is at the moment the most widely used technology for the stabilisation of organic wastes due to the complexity and economic investment that anaerobic digestion requires (Cadena et al., 2009) .
Using organic waste as a soil fertiliser offers a number of advantages over other management alternatives, because it reduces the use of other fertilisers and eliminates the necessity of its subsequent treatment or disposal (Hargreaves et al., 2008) . Sewage sludge and farmyard manure are the most common organic wastes applied either raw or composted (i.e. humification of
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The influence of composts on potato tuber, spring oilseed rape seed and threshing residue yields and concentrations of chemical elements in them the organic matter under controlled conditions). The application of organic waste composts (i.e. sludge, biogas production or green waste) to land, especially agricultural crops, represents a significant input of nutrients (i.e. N, P and K), but also of heavy metals (Zn, Mn, Cu, Ni, Cd and Cr), some of them being toxic like cadmium or lead (Song, Greenway, 2004; Lehtomaki, Bjornsson, 2006; Madrid et al., 2007) . Sewage sludge compost additions to agricultural land with background concentrations of heavy metals increase the soil content and the availability of heavy metals for transfer into crop plants. The total metal concentration in compost is important in controlling the crop uptake of labile elements, like Zn, Pb and Cu, which increases with increasing total content of these elements in compost (Smith, 2009; Lakhdar et al., 2010) . The lowest metal materials, which include green waste compost, are likely to have inherently lower metal availabilities overall, at equivalent metal loading rates to soil, compared to composted residuals with larger metal contents (Zennaro et al., 2005) . Zheljazkov and Warman (2004) pointed out that municipal waste compost containing relatively large amounts of metals may be used as soil amendment on agricultural crops without the risk of phytotoxicity, or the risk of increasing crop tissue concentrations of Cu, Pb and Zn above the normal range. However, the repeated application of compost can generate the accumulation of heavy metals in soils. Therefore, long-term effects of compost application on metal availability and effects on crops need to be considered (Kidd et al., 2007) .
The aim of our research was to establish chemical composition of composts produced from cattle manure, sewage sludge, green waste and biogas production waste, and to ascertain how the composts influenced potato tuber and spring oilseed rape seed and threshing residues yields and the concentrations of nitrogen (N), phosphorus (P), potassium (K) and heavy metals in them.
Materials and methods
Site description. The field experiment was conducted in [2012] [2013] [2014] [2015] [2016] Experimental design. The field crop rotation established in 2012 included winter wheat → spring barley → potatoes → spring oilseed rape. During the first and third year of the experiment different composts were applied as fertilisers before sowing/planting according to the following scheme: 1) without fertilisers, 2) cattle manure compost, 3) green waste compost, 4) biogas production waste compost, 5) sewage sludge compost, 6) mineral fertilisation (N 90 P 60 K 90 ), 7) cattle manure compost + mineral fertiliser, 8) green waste compost + mineral fertiliser, 9) biogas production waste compost + mineral fertiliser and 10) sewage sludge compost + mineral fertiliser.
Four replications of each treatment were used; the total size of the experimental plot was 72 m 2 (12 × 6 m), harvested area − 22 m 2 (10 × 2.2 m). Description of the composts used: cattle manure compost -compost of animal solid manure with straw; green waste compost -urban green waste compost produced from cut grass, tree leaves and a small portion of shredded branches; biogas production waste compostbiogas residue compost produced from processing spent grain under anaerobic conditions; sewage sludge compost -sewage sludge (from Vilnius municipality, Lithuania) mixed with straw (15% by volume). The composts were incorporated into the soil twice, in September in 2012 and in October in 2014. Together with the composts of all investigated types we incorporated 170 kg ha -1 of nitrogen (N) into soil, therefore, different amounts of composts were applied: 16.1 t ha -1 of sewage sludge, 23.0 t ha -1 of biogas production waste, 31.2 t ha -1 of green waste compost and 45.3 t ha -1 of manure compost. The influence of the composts used on the yield and quality of the first two plants in the crop rotation (winter wheat and spring barley) was described in this journal previously (Staugaitis et al., 2016) , and for the purposes of this article, we discuss their influence on potatoes and the spring oilseed rape grown after the potato crop following the second compost incorporation.
After the incorporation of fertilisers in the experiment, potatoes cultivar 'Vineta' and after that spring oilseed rape cultivar ʻMosaikʼ were grown. The rates of composts were calculated based on the maximum permitted N rate of 170 kg ha -1 , as it was indicated in the EC Directive 91/676/EEC. Chemical composition of the composts and the amounts of nutrients and heavy metals incorporated together with them during the experiments are presented in Tables 1 and 2 .
The mineral fertilisers used were ammonium nitrate, granular superphosphate and potassium chloride. Mineral fertilisers were applied in spring prior to sowing. Potato tubers were planted on the 12 th of May in 2015 and harvested at senescence stage (BBCH 97 To determine the chemical composition of potato tubers, spring oilseed rape seeds and threshing residues the following procedure was used: ground plant mass was combusted in a muffle furnace at 550°C for 12 hours. Nitrogen concentration was determined using Kjeldahl method, potassium -by flame photometer.
Phosphorus and heavy metals were analysed according to the standard EN 15621:2012.
Weather conditions. Meteorological conditions during the experimental period were assessed according to the data from Elmininkai Meteorological Station. To describe natural irrigation conditions during plant vegetation periods Selianinov's hydrothermal coefficient (HTC) was used, calculated according to the formula: HTC = H / (0.1 × ΣT), where H represents precipitation during the analysed period (mm), and ΣT stands for the sum of average daily temperatures higher than 10°C during the same period decreased 10 times (compared to evaporation rate -defines evaporation conditions). Vegetation periods according to HTC are divided into: HTC > 1.6 -irrigation is excessive, HTC = 1.0 ... 1.5 -optimal irrigation, HTC = 0.9 ... 0.8 -weak drought, HTC = 0.7 ... 0.6 -moderate drought (arid), HTC = 0.5 ... 0.4 -heavy drought, HTC < 0.4 -very heavy drought (Dirsė, Taparauskienė, 2010) .
In 2015 during the plant vegetation period (MaySeptember), the sum of active temperatures was 2457.0°C, rainfall amounted to 173.1 mm. According to the HTC data presented in Figure, good moisture supply in May 2015 favoured potato tubers germination. In June, very heavy drought occurred (HTC = 0.11), thus the potato growth was poor. July and August was characterised by a weak and very heavy drought (HTC = 0.77 and 0.23), respectively. The first ten-day period of September was excessive in rainfall, the second and third ten day periods were close to optimal, consequently, these summer months were unfavourable for potato growth and tuber development. (Elmininkai Meteorological Station, 2015 -2016 In the beginning of May 2016, a moderate drought occurred after spring oilseed rape sowing; however, during the second ten-day period of May the weather was close to optimal irrigation and the third period was a very heavy drought, thus spring oilseed rape tillering was poor. In June, a moderate drought occurred (HTC = 0.64); however, the rest of the spring oilseed rape growth period was abundant in rainfall. During the period from the beginning of May to the end of September, when the spring oilseed rape was harvested, the sum of active temperatures amounted to 2582.6°C and the rainfall was 334.9 mm. Therefore, during July-August period the weather was favourable for spring oilseed rape growth.
Statistical analysis. Potato tuber and spring oilseed rape yield data were processed using the analysis of variance (ANOVA). Statistical significance of the experimental data was assessed using Duncan's test; significant differences were established between the data lettered a, b, c, d, e and f at 5% probability level (P ≤ 0.05) (Tarakanovas, Raudonius, 2003 
Results and discussion
Chemical composition of composts of different origin. Composts used in the experiment varied in their quality (Table 1) . Biogas production waste compost had the highest nitrogen and phosphorus content, the content of the same materials in manure compost was somewhat lower, however, it had a lot of potassium, the content of which was approximately 7 times as high as that in green waste or sewage sludge composts and almost 3 times as high as that in biogas production waste compost. Biogas production waste and cattle manure composts had high 332
The influence of composts on potato tuber, spring oilseed rape seed and threshing residue yields and concentrations of chemical elements in them contents of organic matter, amounting to 80.1% and 71.4%, respectively; however, they were low in dry matter -20.1% and 14.0%, respectively. The lowest contents of nitrogen, phosphorus and organic matter were found in green waste compost. Cattle manure and green waste composts had the lowest contents of heavy metals (Table 1 ). In comparison with them, Cd, Ni, Zn and Cu contents in biogas production waste compost was 1.5 and 3.4 times as high. The contents of heavy metals in sewage sludge compost were significantly higher compared with other composts analysed, especially those of Cd, Ni, Pb, Zn and Cu.
Together with the composts analysed different amounts of the main macroelements and heavy metals entered soil (Table 2) . A total of 66 kg ha -1 of phosphorus (P 2 O 5 ) entered soil with green waste compost, whereas, its amounts entered with other types of compost were 2.2-2.7 times as high. Fertilisation with manure compost resulted in very high amounts of potassium (K 2 O) -actually 214 kg ha -1 , whereas 43-89 kg ha -1 were brought into soil with other composts. Sewage sludge incorporation was particularly distinguished for bringing in huge amounts of heavy metals and their quantities, as compared to other types of composts, differed from a few to several tens of times.
Influence of composts on yield of potatoes and spring oilseed rape. The influence exerted by different composts on potato tuber, spring oilseed rape seed and threshing residue yields varied (Table 3 ). All composts used in the experiment significantly increased potato tuber yield in the plots fertilised only with composts without the addition of mineral fertilisers compared to unfertilised plots: biogas production waste compost -by 48.0%, green waste -43.5%, farmyard manure -33.9% and sewage sludge -27.5%. Compared to the unfertilised plots mineral fertiliser significantly increased tuber yield by 47.0%. However, only farmyard manure compost used with mineral fertilisers increased tuber yield and a yield increase obtained was 32.0% higher compared with that fertilised only with mineral fertilisers. A higher tuber yield was determined by higher levels of potassium incorporated together with manure compost, which actually amounted to 214 kg ha -1 , whereas its incorporation with other composts resulted in 43-89 kg ha -1 . Balemi (2012) found that manure used in combination with mineral fertiliser increased potato tuber yield more compared to the application of this fertiliser alone. 
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Fertilisation of spring oilseed rape with mineral fertilisers resulted in a significant increase in seed yield by 40.4% and that of threshing residues -by 31.0% compared to unfertilised crops. The application of composts used with mineral fertilisers did not significantly increase oilseed rape seed yield, only farmyard manure compost increased threshing residues yield by 26.1%. The yield of spring oilseed rape fertilised with composts without any addition of mineral fertiliser did not increase either.
Both fertilisation with mineral fertilisers and composts had influence on potato tuber yield. Meanwhile, only mineral fertiliser had influence on spring oilseed rape seed yield. A similar trend was found by Rathke and Schuster (2001) ; however, Sistani et al. (2017) indicated that organic fertilisers increased yields significantly compared to mineral fertilisers.
Chemical composition of plant yield. Total nitrogen, phosphorus and potassium concentrations in potato tubers are presented in Table 4 and those in spring oilseed rape seeds and threshing residues are given in Table 5 . The influence of composts used without mineral fertilisers was investigated, i.e. plots of treatment 1-5.
The nitrogen concentration in potato tubers varied within a small range of 1.24-1.35%, the concentration determined was higher compared to those indicated by other researchers -1.19-1.21% (Sądej, Namiotko, 2011). It was higher in the potato tubers fertilised with biogas production waste compost -a nitrogen increase accounted for 0.11%. This suggests a presumption that following the fertilisation with this compost in autumn, the amount of nitrogen in soil assimilated by plants was higher while growing potatoes. The composts applied had no effect on phosphorus content in potato tubers. Meanwhile, potassium concentration in tubers was increased by all composts studied but the highest concentration was achieved by using manure compost -0.57%. That was due to the fact that substantially higher potassium levels were incorporated into soil together with this compost. The composts analysed in spring oilseed rape increased nitrogen concentration in seeds from 0.01% to 0.13% and in threshing residues -from 0.01% to 0.12%, compared to the control plot. The highest concentration of nitrogen of 4.00% and 0.94% was achieved in rape seeds and threshing residues, respectively, as well as in potato tubers after fertilisation with biogas production waste compost. Phosphorus concentrations in spring oilseed rape seeds and threshing residues varied within the limits of accepted tolerances. The concentration of total potassium in spring oilseed rape threshing residues varied within the tolerance range as well; however, in seeds it was marginally increased by the application of manure, biogas production waste and sewage sludge composts. According to the data of other authors (Yasari et al., 2009) , nitrogen concentrations (using no fertilisers) in spring oilseed rape seeds amounted to 3.39%, phosphorus -0.58% and potassium -0.56%.
Having evaluated the chemical composition analyses of two crops it was established that biogas production waste compost increased nitrogen concentration in plants. Potassium concentration in potato tubers was increased by all analysed composts but most of all it was increased by manure compost. Potassium concentration in spring oilseed rape seeds was increased by biogas production waste, sludge and manure composts. The composts used had no effect on phosphorus concentrations in the crops studied.
Content of heavy metals in grain and threshing residues. The influence of different composts on heavy metal content in potato tubers and spring oilseed rape seeds and threshing residues is presented in Tables 6 and 7. Some heavy metals, including Cu, Zn and Mn are required by plants as microelements. However, higher contents of even the most necessary microelements can have a toxic effect on plants; suppress plant development, photosynthesis and fermentation activity (Benavides et al., 2005) .
Scientific literature indicates that copper (Cu) concentration in potato tubers range within 3.0-6.6 mg kg -1 , and that in spring oilseed rape seeds and threshing residues -5.2 and 2.0 mg kg -1 , respectively (Kabata-Pendias, 2011; Jankowski et al., 2014) . In our research, Cu concentration in potato tubers ranged within an interval of 5.68-8.84 mg kg -1 , and that in spring oilseed rape seeds was 2.55-3.15 mg kg -1 and in threshing residues it was 3.62-5.41 mg kg -1 . The analysed crops demonstrated a marginally higher Cu concentration (8.84 and 7.94 mg kg -1 ) after having fertilised them with sewage sludge and biogas production waste composts.
The experiment revealed that zinc (Zn) concentration in potato tubers ranged within 11.61-14.35 mg kg -1 and that in spring oilseed rape seeds and threshing residues it was 26.20-28.95 and 4.58-5.59 mg kg -1 , respectively. The variations achieved were within the limits of accepted tolerances; therefore, there was no regular influence of composts identified on Zn concentrations in the analysed potato tubers and spring oilseed rape seeds and threshing residues. The exception was rape threshing residues which demonstrated an increased Zn concentration after fertilisation with biogas
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The influence of composts on potato tuber, spring oilseed rape seed and threshing residue yields and concentrations of chemical elements in them production waste and sewage sludge composts. Zinc concentrations determined in the primary and secondary plant produce during the experiment did not exceed the ones suggested by the majority of researchers, namely: in potato tubers -5.1-35.0 mg kg -1 , spring oilseed rape seeds -55.4 mg kg -1 and in threshing residues -11.5 mg kg -1 (Pollak, Favoino, 2004; Kabata-Pendias, 2011; Jankowski et al., 2014) .
Manganese (Mn) is a nutrient found in plant tissue at concentrations ranging from 10 to 500 mg kg -1 or more. In most plants, it is deficient at less than 10 mg kg -1 and toxic when the concentration exceeds about 300 mg kg -1 ; potato is a plant with medium Mn needs (Sturgul, 2010) . In our research, Mn concentration in potato tubers ranged within an interval of 3.25-3.64 mg kg -1 . The composts applied did not increase Mn concentration in potato tubers; the concentration determined was lower compared to those indicated by other researchers -4-15 mg kg -1 (KabataPendias, 2011). The optimal manganese concentration in the aboveground spring oilseed rape mass at different growth stages is 20-150 mg kg -1 (Bergman, 1986) . The Mn concentrations in spring oilseed rape seeds and threshing residues during the experiment ranged within the limits of 40. 35-45.85 and 9.22-12. 35 mg kg -1 , respectively. Rape threshing residues demonstrated a higher Mn concentration after fertilisation with biogas production waste compost. During the experiment Mn concentration in spring oilseed rape seeds was marginally higher than that in threshing residues compared to the concentrations indicated by other researchers: 37.8-40.8 mg kg -1 in seeds and 10.2-20.9 mg kg -1 in threshing residues (Jankowski et al., 2014) .
There is a group of metals called heavy metals, because they are detrimental and widespread in metallurgical and chemical industries. Such elements include Cd, Pb and Ni. Increased concentrations of these elements in plants are undesirable (Alkorta et al., 2004) The concentration of lead (Pb) found in potato tubers was higher compared to spring oilseed rape. It varied in potato tubers within a range of 0.077-0.082 mg kg -1 ; however, it did not exceed the maximum permissible concentration limit of 0.10 mg kg -1 (Table 6 ). Lead concentrations established by other researchers vary substantially within a range of 0.001-2.2 mg kg -1 (Pollak, Favoino, 2004) . The concentrations of this heavy metal found in spring oilseed rape seeds and threshing residues amounted to 0.012-0.031 and 0.028-0.035 mg kg -1 , respectively. All investigated composts increased the concentration of Pb in rape seeds, but most of all it was attributed to sewage sludge compost. In addition, sewage sludge compost increased Pb concentration in rape threshing residues as well. According to the data by other authors, Pb concentrations in rape seeds after the application of sewage sludge were higher and amounted to 3.33-4.31 mg kg -1 (Krzywy, Iżewska, 2007) . Even though direct uptake from soil into a potato tubers is only a minor contribution to tuber Cd content (Reid et al., 2003) , they accumulate more Cd than grain (Singh et al., 2012) . The analysis of 16 potato cultivars grown at non-contaminated agricultural sites in Turkey showed that Cd concentrations were in a range of 0.08-0.32 mg kg -1 , with significant differences between varieties (Öztürk et al., 2011) . Our studies show that the concentration of Cd in potato tubers was low compared to the data by other researchers and it varied within a range of 0.076-0.089 mg kg -1 (Table 7) . Cadmium concentrations in spring oilseed rape seeds and threshing residues ranged within the limits of 0.034-0.036 and 0.150-0.180 mg kg -1 , respectively. Regardless of the type of compost used, Cd concentrations in rape seeds and threshing residues were within the limits of accepted tolerances and lower compared to the concentrations found by other authors in seeds (0.230 mg kg -1 ) and threshing residues (1.552 mg kg -1 ), when rape had been fertilised with sewage sludge compost (Krzywy, Iżewska, 2007) .
According to the data obtained by Pollak and Favoino (2004) and Kabata-Pendias (2011) , the concentration of nickel (Ni) in potato tubers amounted to 0.187-1.000 mg kg -1 . The concentration of Ni in -1 , respectively. A higher Ni concentration in rape seeds was achieved by fertilising with green waste compost and that in threshing residues -with biogas production waste and sewage sludge composts. Nickel concentration increases were not significant compared to those reported by other researchers, when having applied sewage sludge compost the resulting Ni concentration in rape seeds amounted to 2.58-2.86 and that in threshing residues was 1.50-1.54 mg kg -1 (Krzywy, Iżewska, 2007) .
Conclusions
1. Manure, green waste, biogas production waste and sewage sludge composts differ significantly in chemical composition. Biogas production waste compost had the highest nitrogen (N) and phosphorus (P) content, the content of the same materials in manure compost was somewhat lower. However, manure compost had a lot of potassium (K), the content of which was approximately 7 times as high as that in green waste or sewage sludge composts and almost 3 times as high as that in biogas production waste compost. Manure and biogas production waste composts had high contents of organic matter, amounting to 71.4% and 80.1%, respectively. The lowest contents of N, P and organic matter were found in green waste compost. Sewage sludge compost had substantially more heavy metals compared to other composts -cadmium (Cd), nickel (Ni), lead (Pb), zinc (Zn) and copper (Cu) contents were high in particular.
2. The composts used without mineral fertilisers significantly increased potato tuber yield compared to unfertilised plots as follows: biogas production waste compost -by 48.0%, green waste -43.5%, farmyard manure -33.9%, and sewage sludge -27.5%. However, these composts did not increase spring oilseed rape seed and threshing residues yield.
3. Analyses of chemical composition of potato tubers, spring oilseed rape seeds and threshing residues showed that biogas production waste compost increased N concentration. K concentration in potato tubers was increased by all investigated composts, but most of all by manure compost. K concentration in rape seeds was increased by biogas production waste, sewage sludge and manure composts. The composts used had no influence on P concentrations in primary and secondary production of the plants analysed.
4. The influence of composts on the variations in the concentrations of certain heavy metals in potato tubers, spring oilseed rape seeds and threshing residues was different. Higher concentrations of Cu were determined having fertilised plants with sewage sludge and biogas production waste composts. All investigated composts increased Pb concentration in rape seeds, but most of all the increase was attributed to sewage sludge compost. Higher concentrations of Ni in rape seeds were achieved after green waste compost application, and those in threshing residues -having fertilised with biogas production waste and sewage sludge composts. There were no consistent patterns of the increase in Mn, Zn and Cd concentrations in crop yields established.
